Introduction
Cassava wastewater, a residue generated in the processing of cassava to make flour, has chemical composition with great potential to be used as a fertilizer, for its high contents of N (3064.0 mg L -1 ), P (312.0 mg L -1 ), K (3200.0 mg L -1 ), Ca (241.9 mg L -1 ) and Mg (1588.2 mg L -1 ) (Dantas et al., 2015) and lower contents of micronutrients. Thus, its utilization as organic fertilizer turns the residue into a low-cost profitable product, reducing environmental impacts and increasing crop yield (Cardoso et al., 2009) .
Crop management using agro-industrial residues has proven to be a sustainable alternative from the social, environmental and economic perspective, since these residues have in their composition large amounts of nutrients, which, when incorporated to the soil, can increase agricultural yield through the improvement in soil fertility (Modesto et al., 2009) .
Therefore, evaluations of chemical composition and accumulation of nutrients in the various plant organs provide important information for the understanding on the nutritional demands of the crops, since such information can be later used as a reference to calculate the dose of nutrients to be supplied to plants through fertilization (Laviola & Dias, 2008) .
Among the studied alternatives for cassava wastewater, its use as a fertilizer becomes an economically viable option for farmers, generating increase in crop yield and economy with mineral fertilizers. Studies have demonstrated the beneficial effects of cassava wastewater when used in agriculture as a fertilizer on the development and yield of crops, as reported by Cardoso et al. (2009 ), Cabral et al. (2010 , Santos et al. (2010) , Araújo et al. (2012) and Duarte et al. (2012) .
Given the above, this study aimed to evaluate the accumulation of macronutrients in sunflower, cv. 'Hélio 250' , fertilized with cassava wastewater.
Material and Methods
The experiment was carried out from October 2012 to January 2013 in the municipality of Vitória de Santo Antão-PE, Brazil (8º 8' 0" S; 35º 22' 0" W). The climate in the region is C1S2 A' a' , according to Köppen's classification. The soil in the area is a dystrophic Red Yellow Latosol and its physical and chemical characteristics, in the layer of 0-0.4 m, are shown in Table 1 .
The experimental design was randomized blocks, with six treatments represented by six doses of cassava wastewater (0, 8.5, 17, 34, 68 and 136 m 3 ha -1 ) and four replicates. The applied doses of cassava wastewater corresponded to 0, 25, 50, 100, 200 and 400 kg ha -1 of potassium (K), respectively. The recommended dose to be applied in the soil was calculated based on the K content of the residue, since it is the element in highest concentration in its composition, following the recommendation of Ribeiro et al. (1999) , considering the dose of 8.5 m 3 ha -1 as the amount of K required by the crop under the local conditions, which corresponds to 25 kg ha -1 of K. The other doses were calculated based on the recommended dose, through its multiplication by two, four, eight and sixteen.
Each experimental unit consisted of four 6-m-long rows at spacing of 1.0 between rows and 0.20 m between plants, in a total of 120 plants per plot, which is equivalent to a density of 50,000 plants ha -1 . The evaluated area of each plot (10.4 m 2 ) corresponded to 52 plants located in the two central rows. For this, two plants were disregarded at each end during the harvest.
The physico-chemical composition of the cassava wastewater was determined using the methodology of APHA (1995) and the results are shown in Table 2 .
Soil preparation consisted of plowing, harrowing and furrowing in rows spaced by 1.0 m at the depth of 0.30 m. Irrigation was performed using a 16-mm flexible drip tape, with emitters spaced by 0.2 m and flow rate of 1.0 L h -1 . Irrigation depths were determined based on crop evapotranspiration (ETc), while reference evapotranspiration (ETo) was estimated through the Hargreaves-Samani method, using the crop coefficients (Kc) recommended for sunflower. During all the cycle, an irrigation depth of 357 mm was applied.
Cassava wastewater doses were applied at once in 0.08-m-deep furrows, 15 days before planting. The sunflower cultivar 'Hélio 250' was used in the experiment and sowing was performed directly at the field, by placing five seeds in each hole and leaving one plant per hole after thinning. Harvest was performed 90 days after sowing (DAS), when all sunflower capitula were facing down.
For the analysis of concentration of nutrients, two plants were sampled in each plot, 90 DAS. The plants were cut close to the soil surface and divided into leaves, stem, capitulum and achenes. After that, they were placed in paper bags and dried in a forced-air oven at 65 ºC. P, K, Ca, Mg and S were determined through nitric-perchloric aid digestion and N through sulfuric acid digestion (Bezerra Neto & Barreto, 2011) . The accumulation of nutrients was determined through the multiplication of the concentration of the nutrient by the dry mass corresponding to each plant part.
The data were subjected to analysis of variance by F test (p ≤ 0.05). When significant effect was observed, Table 1 . Physical and chemical characteristics of soil before cassava wastewater application regression analyses were performed and significant (p ≤ 0.05) mathematical models were selected based on the highest coefficient of determination.
Results and Discussion
N accumulation in sunflower leaves, stem, capitulum and achenes increased linearly as a function of the applied doses of cassava wastewater (Figures 1A, B, C and D) .
In the absence of cassava wastewater (dose of 0 m 3 ha -1 ), the leaves accumulated 0.248 g plant -1 and, at the highest dose (136 m 3 ha -1 ), the accumulation was equal to 1.349 g plant -1 , which is equivalent to an increment of 442% in N availability. Data are consistent with Fia et al. (2006) , who evaluated the yield and concentration of nutrients of maize fertilized with increasing doses of sewage sludge and observed that N concentrations increased with the increment in the dose of the residue applied to the soil.
As to N accumulation in the sunflower stem, the maximum and minimum values estimated by the regression equations were 0.075 and 0.362 g plant at the dose of 136 m 3 ha -1 , corresponding to an increment of 100%. Similar results were reported by Lobo et al. (2013) , who observed linear increase in N concentration in sunflower achenes as the applied N doses increased.
In the whole plant, the highest N accumulations at each dose and the sum of leaves, stem, capitulum and achenes were 2.547, 2.926, 3.306, 4.066, 5.585 Zobiole et al. (2010) , who observed maximum P accumulation of 0.605 g plant -1 , considering the sum of leaves, petioles, stem, capitulum and achenes, corresponding to an extraction of 24 kg ha -1 of P, which remained below the results found in the present study. The order of P extraction by the organs was: capitulum > achenes > stem > leaves.
The K contents accumulated in the whole sunflower plant increased linearly at rates of 0.087, 0.0124, 0.01 and 0.0025 g plant -1 , as a function of the increment in the applied doses of cassava wastewater ( Figures 1I, 1J, 1L and 1M) 3, 137.6, 151.9, 180.4, 237.5 and 351 .7 kg ha -1 . The order of K extraction for the organs was: capitulum > stem > leaves > achenes. According to Castro et al. (2006) , sunflower is very demanding in K, approximately 171 kg of K 2 O in the shoots (stem, petiole, leaf, capitulum and grains) for every ton of grains produced. Castro & Oliveira (2005) observed that the total extractions of N, P and K in the shoots, for a production of 3,176 kg of achenes ha -1 , were 130 kg ha -1 of N, 25 kg ha -1 of P and 400 kg ha -1 of K. In the present study, the extractions of N, P and K, considering the shoots for a production of 4.498 kg of achenes ha -1 , at the highest dose of cassava wastewater (136 m 3 ha -1 ), were 431, 144 and 341 kg ha -1 , respectively. The increment in cassava wastewater doses promoted linear increase in Ca contents in leaves, stem, capitulum and achenes (Figure 2A A.
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capitulum, Ca accumulation was equal to 0.368 g plant -1 at the dose of 0 m 3 ha -1 and 0.846 g plant -1 at the dose of 136 m 3 ha -1 , representing an increment of 130% from the lowest to the highest dose.
As to the accumulation of Ca in the achenes, the behavior was similar to that in leaves, stem and capitulum, as a function of the applied doses of cassava wastewater, with 0.079 and 0.163 g plant -1 for the dose of 0 and 136 m 3 ha -1 of the organic input applied to the soil in liquid form. The total Ca accumulations in the whole plant were 1.239, 1.397, 1.554, 1.859, 2.497 and 3.757 g plant -1 , respectively, for the doses of 0, 8.5, 17, 34, 68 and 136 m 3 ha -1 , and corresponded to extractions of 61.97, 69.84, 77.71, 92.94, 124.85 and 187.87 kg ha -1 , according to the following order of extraction per organ: leaves > capitulum > stem > achenes. Zobiole et al. (2010) Figure 2I , 2J, 2L and 2M). S accumulation in the leaves was equal to 0.086 g plant -1 ) in relation to the lowest one (0 m 3 ha -1 ), with extractions of 15. 3, 17.9, 20.5, 25.7, 36.2 and 57 .6 kg ha -1 , respectively. The extraction per organ occurred in the following sequence: capitulum > leaves > achenes > stem. According to Zobiole et al. (2010) , the maximum S accumulation occurred at 82 days and was 0.605 g plant -1 , with extraction of 24 kg ha -1 . Higher values were observed in the present study for the cassava wastewater doses of 68 and 136 m 3 ha -1 , with total S accumulations of 0.723 and 1.153 g plant -1 , at 90 days after sowing, and extractions of 36.2 and 57.6 kg ha -1 . Based on the accumulation of nutrients, the order of extraction per element was: nitrogen > potassium > calcium > magnesium > phosphorus > sulfur.
Conclusions

